Pre-operative education; user experience; anxiety
Introduction
Patient education -usually one of the most important responsibilities of nurses -is the process by which health professionals impart information to patients, their family members and/or their caregivers. During acute illness, patient education is usually health information given at bedside to help patients understand diagnosis and treatment and, therefore, enhance their adherence to clinical care. In the case of chronic illness, education helps the patient and the family members to increase knowledge about the disease, develop expertise in self-care and improve lifestyle by changing unhealthy behaviors (e.g., reducing the intake of fatty foods) and correcting the related risk factors (e.g., stop smoking). In Coronary Artery Disease (CAD), education is essential for empowering patients in both the acute and the chronic phases of the disease, involving the patients in their plan of care in the former case and helping them being compliant to healthy behaviors, in the latter. However, CAD is a chronic disease: even after Coronary Artery Bypass Graft (CABG) surgery, the disease progression can only be slowed down. Pre-operative education facilitates the patients' understanding of the diagnosis and treatment of CAD and in adopting healthy lifestyles for improving outcomes. For those about to undergo CABG, patient education can be even more significant since these patients may experience great anxiety for a life-threatening intervention. Various studies have been conducted concerning pre-operative education of patients about to undergo CABG surgery. (Young et al., 2009) and (Black and Hawks, 2009) disease experience intense emotions such as depression, aggression, anxiety, frustration and fear which can cause them to behave irrationally. (Gallagher and McKinley, 2007) report that patients who experience anxiety before a CABG have more post-operative pain, less long-term relief of cardiac signs and symptoms, more re-admissions, poorer quality of life and worse long-term psychological outcomes. The effect of pre-operative education in CABG is still debated: (Rahimianfar et al., 2013) concluded that patient education before CABG surgery is able to reduce both patient's anxiety and the need for sedatives; on the contrary, (Shuldham et al., 2002) demonstrate that there is no benefit to be gained from pre-operative education.
In such a context, the SmartHeart CABG Edu app was conceived: it is meant to be an innovative and up-to-date tool for patient education, the first of its kind in the Italian context. The SmartHeart CABG Edu is therefore an app that was developed to provide educational material for patients about to undergo CABG surgery and a set of self-assessment tools concerning both their health status, i.e., BMI calculator (Garrow and Webster, 1984) , LDL cholesterol calculator (Friedewald et al., 1972) and anxiety assessment tool (Zigmond and Snaith, 1983) , as well as their experience with the app, i.e., Single Ease Question (SEQ) (Sauro and Dumas, 2009) and System Usability Scale (SUS) (Brooke, 1996) . The app runs on Android, was developed using Android Studio, 2.2Mb in size and does not require Internet to access the educational resources.
First Prototype
The first prototype of the app was developed at the end of 2014. The home page is made up of two sections ( Fig. 1-a) , namely: (i) the educational material, (ii) the self-assessment and usability tools. Tapping on the educational material button, the user is taken to the educational content, organized in four subsections: (i) anatomy of the heart and CAD info, (ii) diagnostic tests and therapeutic procedures, (iii) CABG surgery, cardiac rehab and (iv) healthy lifestyles ( Fig. 1-b) . Tapping on the self-assessment tools button, the user can use: the BMI and the LDL cholesterol calculators, the anxiety assessment tool and the two usability evaluation tools ( Fig. 1-c) . It is worth remarking that the self-assessment tools can be used by the patient to check whether he/she is actually following the healthy lifestyles described in the educational material, i.e., a normal weight through the BMI calculator, a reduced fat intake through the LDL cholesterol calculator. 
Evaluation
The choice of performing one type of evaluation over another has to be established in relation to the stage of the project, what to evaluate, the available experts, as well as the time constraints and the available resources of the project (Nielsen and Mack, 1994) . Since our project was in its first release, coherently with the state of the art, we decided (i) to ask two usability experts for an heuristic evaluation to generate large numbers of potential usability problems (Subsect. 3.1); (ii) to inquire primary stakeholders, i.e., patients (Subsect. 3.2). Finally, we investigated on the pre-operative anxiety of patients, before or after their reading the educational material (Subsect. 3.3). Note that the results reported below are an improved and updated version of the preliminary evaluations reported in (Di Giammarco et al., 2015) .
Expert-based review
The most popular type of expert evaluation is the heuristic evaluation (Nielsen and Mack, 1994) . Two evaluators were enrolled for the expert-based review: they used a new check list specifically designed to evaluate mobile interfaces, that reuses 69% of literature heuristics, the rest deriving from best-practices and recommendations for mobile interfaces (Gómez et al., 2014) . Nevertheless, given that the app is a first prototype, the heuristics used for the evaluation were limited to only those actually applicable. Accordingly, Tab. 1 summarizes the expert-evaluation results: the The agreement between the ratings given by the two experts was measured through a weighted Cohen's Kappa (Cohen, 1968) . The estimated agreement was 0.82, with 95% confidence intervals of [0.70,0.94] . Accordingly, given the high rate of agreement between the two experts, the results summarized below can be considered reliable.
The median rating is sufficiently usable, the inter-quartile range (IQR) of two categories, and the 95% confidence intervals are [sufficiently usable, good usability]. As known, median and IQR are the most proper indexes for central tendency and dispersion for categorical variables, while confidence intervals reports what we might expect by other evaluations. Accordingly, the app can be considered sufficiently usable, the ratings have a large dispersion, and we might expect -by enrolling further evaluators -even a median rating of good usability.
Few suggestions about how to improve usability follow. The app should be improved in adaptability (e.g. the buttons' dimensions) and in the user personalization (e.g., an elderly person might have problems with font size). The contents should be supported via multimedia, in order to justify a technological support. Visual design might be improved (e.g., using a coherent color palette for icons). The affordance of browsing and navigation might be improved by introducing a menu (e.g., search the educational material). Furthermore, the auto-evaluation questionnaires' layout should be presented using boxes in order to improve the text comprehension. Finally, the health and usability questionnaires should be placed in separate sections, since they pursue different aims.
User experience
For investigating the user experience, we involved both primary and secondary stakeholders. The primary stakeholders are patients that have already undergone or are about to undergo CABG surgery. The secondary stakeholders are the health-care workers of the involved hospital wards (e.g., critical care unit, cardiac surgery). The paper reports only on the results coming from the primary stakeholders: for those regarding the secondary stakeholders (which were not involved in the improved evaluation reported in the paper), see (Di Giammarco et al., 2015) .
The evaluation with the primary stakeholders was carried out from the 23rd of January, 2015 to the 27th of May, 2015. Before the observational sessions, the evaluator explained the goals of the evaluation to the patients, using the guidelines for an elderly observational evaluation where necessary (i.e., speaking aloud and slowly, using easy vocabulary and describing the goal using a family approach, to make sure all patients understood perfectly). A friendly environment was established. The focus groups took place after the observational evaluation sessions.
We gathered:
• qualitative data, as annotated by the evaluators, and
• quantitative data regarding the user experience, reported through the SEQ (Sauro and Dumas, 2009) , SUS (Brooke, 1996) , and with the Time-On-Task (Seffah et al., 2006) .
As known, the Single Ease Question (SEQ) is a 7-point rating scale that is used to assess how a task was found easy to accomplish by users. The higher the value of the response, the easier the task is. We asked to rate the three tasks of: Intelligence Journal (T1) reading the educational material, (T2) using the BMI calculator, and (T3) using the LDL cholesterol calculator.
The System Usability Scale (SUS) instead is a reliable tool for measuring usability, consisting of a 10 item questionnaire with five response options per item. It can be used to evaluate a wide variety of products and services, including mobile apps. The tool rates a system with a score ranging from 0 to 100. The higher the score, the more usable the system is. For a simpler interpretation of the SUS score, we introduced a qualitative interpretation, based on the thresholds computed in (Bangor et al., 2009) , that "converts" the score into the seven adjectives for the app, namely: worst imaginable, awful, poor, OK, good, excellent, best imaginable.
Finally, the Time-On-Task (ToT) is the total time taken by a user to complete a task. A total of 15 patients were involved in the study, seven coming from the Coronary Unit of Pescara Hospital, five from the Neurosurgery Unit of Chieti Hospital, three from the Cardiology Unit of Avezzano Hospital. Not all patients completed the SEQ and SUS questionnaires, but for all of them we could analyze the ToT data. The results follow.
Quantitative data SEQ
The distribution of the SEQ scores is reported in Fig. 2 . In terms of central tendency, the median for all tasks is "easy". Therefore, on average, no particular difficulties were reported, even if few users rated the tasks below the sufficiency. 
SUS
The distribution of the SUS score is shown in Fig. 3 . The median rating is OK, even if we found one rating as best imaginable, two other ratings as good, versus one poor rating. To investigate further into the SUS score, we analyzed the answers to each question (Tab. 2). There are no questions with clearly negative answers. However, there are three questions with discordant answers, i.e., Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10  strongly disagree  1  5  0  3  0  6  0  5  0  3  disagree  1  2  0  1  0  2  0  2  2  1  average  3  1  2  2  2  0  2  1  3  1  agree  1  1  5  1  4  1  5  1  1  3  strongly agree  3  0  2  2  3  0  2  0  3  1   Table 2 : Descriptive analysis of the SUS score by question questions "Q1" (I think that I would like to use this system frequently), "Q4" (I think that I would need the support of a technical person) and "Q10" (I needed to learn a lot of things to use this system).
As for "Q1", the reason is that the app was developed especially for the pre-operative phase, and not for daily use. The results regarding "Q4" and "Q10" are instead more interesting and can be explained by the fact that, since the patients were elderly people, they were not accustomed to the use of smartphones.
The more positive aspects were in connection with "Q3" (I thought the system was easy to use), "Q5" (I found the various functions in this system were well integrated) and "Q7" (Most people would learn to use this system very quickly).
ToT The results of the descriptive analysis, for the Time On Task metric, are listed in Tab. 3. The first column lists all pages of the app, the second column lists the (average) seconds spent by the users on such a page before moving to another page.
Not surprisingly, the longest questionnaires (i.e., Anxiety and SUS) took longer times to be completed. Furthermore, a very high average time (circa 3 minutes) is reported for the LDL calculator, probably because it needs to input numbers related to blood analyses that -even if common -requires a memory effort from the user or even to read the lab report. 
Qualitative data
No user asked for support in browsing the GUI. However, in some cases, to go back from a page to the hierarchical higher, users took some time before using either the Android "back" button or tapping the "back" sign close to the activity title. Users also asked about the possibility of having the educational material in paper format: it is natural given that the users were elderly people. Finally, no particular problems emerged while calculating the body mass index and the LDL cholesterol. In all cases, improvements in terms of a bigger font size and button affordance (e.g., by adding text together with icons) was considered as required. The focus groups confirmed some issues carried out in the observational evaluation phase, such as the font size issue, but also highlighted the enthusiasm of users in reading the educational material. One user thanked the evaluator for having provided him with educational material on CABG surgery, another asked for a paper copy to bring to her own cousin (so to better explain her problems). Furthermore, users suggested to improve on the multimediality of the material (e.g., by adding videos). A final remark is on the personalization of the app: users appreciated the possibility to calculate their own data and asked for more functions supporting their personal health status, e.g., storing their blood pressure values, alarms that reminded medication-intake time.
Pre-operative anxiety
For the analysis of the anxiety level, we submitted the Hospital Anxiety and Depression Scale (HADS) (Zigmond and Snaith, 1983) , specifically developed to detect and manage the emotional disorder in patients under investigation and treatment in medical and surgical ward. To all patients enrolled in the evaluation we randomly asked to fill the questionnaire either before or after having read the educational material. Fig. 4 summarizes the descriptive analysis of the data: on the top the frequency table, on the bottom the corresponding histograms.
No patients reported significant anxiety levels after having read the educational material, vs two that instead showed a probable anxious status and five that did not reveal anxiety. Such a difference was not statistically significant (Wilcoxon rank-sum test, p = 0.1413). 
Regular

New prototype
As for usability, the evaluations coming from the expert concluded that the user interface appears sufficiently usable and mentioned several points that can be improved. The primary stakeholders did not reported major usability problems with the app, but highlighted -both via quantitative and qualitative data -some improvements. Accordingly, we enhanced the app in connection with the following points:
1. improved visual design, using a coherent color palette for icons (see §3.1);
2. a menu was introduced (see §3.1);
3. health and usability questionnaires were placed in two separated sections (see §3.1);
4. an help dialog was added to tackle the issues reported by the two SUS questions "I think that I would need the support of a technical person" and "I needed to learn a lot of things to use this system". The help dialog is shown the first time a user shows a page, or every time is needed through the menu (see §3.2.1);
5. improved navigation in terms of explicit "back" buttons (see §3.2.2);
6. improved font size in the educational material (see §3.1 and §3.2.2);
7. the comprehension of the questionnaires was improved by adding boxes around the questions (see §3.1). Fig. 5 shows a sequence of snapshots of the latest version of the app, that can be compared with those reported in Fig. 1 to clearly view all introduced changes. Fig. 5(a) depicts the main page of the app. It is now made up of three sections: the first for the educational material, the second for the self-assessment tools, the third for usability. All icons now follows the same visual design (refer to points 1, 2 and 3). 
Conclusions
The paper reported on the first prototype of an Android app developed for providing educational material to patients about to undergo CABG surgery, its evaluation from the twofold perspective of usability and health outcomes, and the improvements put into practice that lead to the current version. In particular, starting from the first prototype, two experts were asked to report on the most important usability issues. Furthermore, fifteen patients were enrolled to test the app usability and the desirable outcome of reducing the pre-operative anxiety.
As for usability, by following the main suggestions coming from the experts, and a careful analysis of the SEQ and SUS questionnaires, along with the ToT data, enabled us to define a set of seven improvements. By following these suggestions, a new version of the application was developed and released.
In terms of anxiety, we could not find a statistically significant difference between patients that read and didn't read the educational material. However, given the reduced number of enrolled patients and the p-value close to the significance, we can still consider the result as encouraging.
Our future work will follow a twofold pathway. Firstly, by continuing with the remaining usability improvements connected with adaptation and personalization. Secondly, by extending the experiment regarding anxiety by enrolling a larger sample of patients: in such respect, the possibility of adopting a multi-center trial in which the SmartHeart CABG Edu will be used in more than one medical center or clinic is currently under discussion. 
